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Lecture Structure

1 Banach spaces (Chapter 1 in [12])

– Normed spaces (Sect. 1.1).

– Completness, Banach spaces (Sect. 1.2).

– Continuous functions, contractions (Sect. 1.3), Banach fix point
theorem. Applications (Sect. 4.2).

– Compactness and finite dimensional spaces (Sect. 1.4).

– Linear and continuous functions (Sect. 1.5). Applications (Sect.
4.3).

– Zorn’s lemma, Hamel bases and the Hahn-Banach theorem (Sect.
1.6). Quotient spaces.

– The interior mapping and closed mapping theorems (Sect. 1.7).

– Baire theorem and uniform boundedness (Sect. 1.8)

– Weak convergence (Sect. 1.9).

– Reflexive spaces (Sect. 1.10).

2 Hilbert spaces (Chapter 2 in [12])

– Geometry (Sect. 2.1).

– Orthogonality and Bases (Sect. 2.2).

– Linear and continuous functions (Sect. 2.3).

– Spectral theory (Sect. 2.4).

3 Numerical methods (Sections 4.1-4.5 in [12])

– Discretization (Sect. 4.1).

– Projections and projection methods (Sect. 4.4).

– Galerkin method (Sect. 4.5).

4 Additional topics (Sections 5.1, 6.8, 7.1 and 7.4 in [12])

– Distributions.

– Sobolev spaces.

– Fixed point theorems.

– Arzela-Ascoli theorems.



References

[1] R. A. Adams, Sobolev Spaces, Academic Press, New York, 1975.

[2] H. W. Alt and S. Luckhaus, Quasilinear elliptic-parabolic differential
equations, Math. Z., 183 (1983), pp. 311-341.

[3] T. Arbogast, An error analysis for Galerkin approximations to an equa-
tion of mixed elliptic-parabolic type, Technical Report TR90-33, Depart-
ment of Computational and Applied Mathematics, Rice University, Hous-
ton, TX, 1990.

[4] T. Arbogast, M. Obeyesekere and M. F. Wheeler, Numerical methods for
the simulation of flow in root-soil systems, SIAM J. Num. Anal. 30 (1993),
pp. 1677-1702.

[5] M. Bause, F. A. Radu and U. Koecher, Space-time finite element ap-
proximation of the Biot poroelasticity system with iterative coupling., Nu-
merische Mathematik, 2017.

[6] W. Cheney, Analysis for Applied Mathematics, Publisher: Springer-
Verlag, 2001 (ISBN 0-382-95279-9).

[7] M. Borregales, F.A. Radu, K. Kumar and J.M. Nordbotten, Robust iter-
ative schemes for non-linear poromechanics, arXiv:1702.00328, 2017.

[8] M. Balazsova and M. Feistauer, On the stability of the ALE space-time
discontinuous Galerkin method for nonlinear convection-diffusion problems
in time-dependent domains. Appl. Math. 60 (2015), no. 5, pp. 501–526.

[9] J. Both, M. Borregales, F.A. Radu, K. Kumar and J.M. Nordbotten,
Robust fixed stress splitting for Biot’s equations in heterogeneous media,
Applied Mathematics Letters 68 (2017), pp. 101-108.

[10] F. Brezzi and M. Fortin, Mixed and Hybrid Finite Element Methods,
Springer Verlag, New York, 1991.

[11] Z. Chen, Finite Element Methods and Their Applications, Springer Ver-
lag, 2005.

[12] W. Cheney, Analysis for Applied Mathematics, Springer Verlag, 2001.

[13] L. C. Evans, Partial differential equations, American mathematical so-
ciety, 2010 (ISBN 978-0-8218-4974-3).



[14] P. Knabner and L. Angermann, Numerical methods for elliptic and
parabolic partial differential eqations, Springer-Verlag, 2003 (ISBN 0-387-
95449-X).

[15] P. Knabner, Numerik I, Lecture Notes, University of Erlangen-
Nuremberg, Germany, 2002.

[16] K. Kumar, I.S. Pop and F.A. Radu, Convergence analysis of mixed nu-
merical schemes for reactive flow in a porous medium, SIAM J. Num. Anal.
51 (2013), pp. 2283-2308.

[17] K. Kumar, I.S. Pop and F.A. Radu, Convergence analysis for a confor-
mal discretization of a model for precipitation and dissolution in porous
media, Numerische Mathematik 127 (2014), pp. 715-749.

[18] A. Mikelic and M.F. Wheeler, Convergence of iterative coupling for cou-
pled flow and geomechanics, Comput. Geosci. 17 (3) (2013), pp. 455-461.

[19] J.L. Musuuza, F.A. Radu and S. Attinger, The stability of density-driven
flows in saturated heterogeneous porous media, Advances in Water Re-
sources 34 (2011), pp. 1464-1482.

[20] F. List and F.A. Radu, A study on iterative methods for Richards’ equa-
tion, Computational Geosciences 20 (2016), pp. 341-353.

[21] R. H. Nochetto and C. Verdi, Approximation of degenerate parabolic
problems using numerical integration, SIAM J. Numer. Anal. 25 (1988),
pp. 784–814.

[22] I. S. Pop, Error estimates for a time discretization method for the
Richards’ equation, Computational Geosciences 6 (2002), pp. 141-160.

[23] I. S. Pop, F.A. Radu and P. Knabner, Mixed finite elements for the
Richards’ equation: linearization procedure, J. Comput. and Appl. Math.
168 (2004), pp. 365-373.

[24] A. Quarteroni and A. Valli, Numerical approximations of partial
differential equations, Springer-Verlag, 1994.

[25] A. Quarteroni, R. Sacco and F. Saleri, Numerical mathematics,
Springer-Verlag, New York, 2000.

[26] F. A. Radu, Mixed finite element discretization of Richards’ equation:
error analysis and application to realistic infiltration problems, PhD Thesis,
University of Erlangen, Germany (2004).



[27] F. A. Radu, Convergent mass conservative schemes for reactive solute
transport and flow in variably saturated porous media, Habilitation Thesis,
University of Erlangen, Germany (2013).

[28] F. A. Radu, I. S. Pop and P. Knabner, Order of convergence estimates for
an Euler implicit, mixed finite element discretization of Richards’ equation,
SIAM J. Numer. Anal. 42 (2004), pp. 1452-1478.

[29] F.A. Radu, I.S. Pop and P. Knabner, On the convergence of the Newton
method for the mixed finite element discretization of a class of degenerate
parabolic equation, In Numerical Mathematics and Advanced Applications.
A. Bermudez de Castro et al. (editors), Springer, 1194-1200, 2006.

[30] F. A. Radu, I. S. Pop and S. Attinger, Analysis of an Euler implicit -
mixed finite element scheme for reactive solute transport in porous media,
Numer. Meth. PDE’s 26 (2009), pp. 320-344.

[31] F. A. Radu, I. S. Pop and P. Knabner, Error estimates for a mixed fi-
nite element discretization of some degenerate parabolic equations, Numer.
Math. 109 (2008), pp. 285-311.

[32] F. A. Radu and W. Wang, Convergence analysis for a mixed finite ele-
ment scheme for flow in strictly unsaturated porous media. Nonlinear Anal-
ysis Serie B: Real World Applications 15, 2014, pp.266-275.

[33] B. Rynne and M. Youngson, Linear functional analysis, Springer-Verlag,
2000.

[34] J. Simon, Compact sets in the space Lp(0, T, ;B), Annali di matematica
pura et aplicata (1987), pp. 65-96.

[35] Yoshida, Functional Analysis.


